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▼Single-strand conformation polymorphism (SSCP) is the
most common screening method for unknown mutations,
but its sensitivity ranges, depending on fragment size and
sequence, and mutations can therefore be missed (Ref. 1,
2). To enhance the mutation-detection efficiency, varia-
tions of SSCP have been developed. Dideoxyfingerprinting
(ddF) and Bi-directional dideoxyfingerprinting (Bi-ddF) are
hybrid techniques between SSCP and Sanger dideoxy se-
quencing. They combine a Sanger dideoxy termination re-
action with only one of the dideoxy terminators with an
electrophoresis under SSCP conditions through a nonde-
naturing gel. Mutations can be detected as a result of the
gain or loss of a dideoxy termination segment and/or by
an altered mobility of at least one of the termination seg-
ments containing the mutation (Ref. 3, 4). Bi-ddF is used
performing the cycle-sequencing of the PCR product with
opposing primers. In this way Bi-ddF has two important
advantages over ddF: (i) the dideoxy terminator can detect
10 of 12 types of possible single-base changes; and (ii) the
SSCP component is enhanced because mobility alterations
can be detected in either the downstream or upstream di-
rection. ddF and Bi-ddF proved to be 100% sensitive in
blinded mutation analyses in different genes (Ref. 4, 5, 6).
Gel matrix and gel temperature were found to be impor-
tant experimental parameters that influence the sensitivity
of the SSCP component in ddF (Ref. 7).
Here, we present an optimized non-radioactive Bi-ddF
protocol for application on an automated DNA sequencer.
We tested different gel matrices and electrophoresis buffer
systems. To determine the sensitivity of our technique we
used 1.8 kb PCR fragments of exon 5–9 of the p53 (TP53)
gene as a test sytem. Figure 1 This PCR fragment was used
as a template for three Bi-ddF primer pairs to screen exon
516 (480 bp), exon 7 (330 bp) and exon 819 (410 bp). This
protocol is fast and simple, with the following advantages:
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The method is non-radioactive; all potential risks and dis-
posal problems concerning radioactivity are avoided.
The Bi-ddF result is obtained within one day without time-
consuming drying of the gel and autoradiography.
There is no need for electrophoresis at low temperatures; the
gel run can be performed at room temperature without
additional cooling.
Longer fragments (up to 480 bp) can be analyzed because
of the high-resolution capacity of an automated se-
quencer combined with an optimized protocol.
Protocol and practical tips
PCR and clean-up
A large PCR fragment of the genomic region of interest
can be generated as a template for multiple internal Bi-ddF
reactions. We performed PCR in a 50 µl scale and removed
unincorporated dNTPs and excess primers using Microcon
100 microconcentrators (Amicon Inc., Beverly, USA).
Cycle sequencing
Bi-directional Taq cycle sequencing with a single dideoxy
terminator is performed as described in the protocol of Liu
et al. (Ref. 4). We used 0.05 pmol each of fluorescent-labeled
primers (IRD 800, MWG Biotech, Ebersberg, Germany),
20 ng PCR DNA, 20 µM each of dNTP, 100 µM ddGTP,
1×buffer (80 mM Tris, 20 mM (NH4)2SO4, 2 mM MgCl2),
1 U Taq Polymerase (Boehringer Mannheim GmbH, Ger-
many) in a total volume of 10 µl. Primer positions were
selected in order to produce 330–480 bp fragments. ddGTP
was chosen in our experiments as the dideoxy termina-
tor because it is relatively evenly distributed in examined
regions and guanosine is relatively frequently involved in
mutational base substitutions.
We obtained good results by adding 5 µl stop/loading
buffer from the SequiTherm Excel II DNA Sequencing
Kit-LC (Epicentre Technologies, Madison, USA) to 10 µl
Bi-ddF reaction volume. The stop/loading buffer supplied
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FIGURE 1. Four different 0.75×MDE gels of Bi-ddF mutation analysis of TP53 in head and neck cancers (a–d). Arrows demonstrate tumor samples (T)
with an aberrant fingerprint pattern in comparison with an adjacent wild-type control (WT). In Bi-ddF, the termination reaction can add or eliminate the
termination segment in either the downstream or the upstream direction. Mutations are detectable by a missing fragment or an extra fragment and/or by
the abnormal migration of termination fragments subsequent to the mutation. All samples with altered Bi-ddF pattern should be sequenced in both
directions. (a) The tumor sample (T) marked by an arrow harbours a G-C transversion in exon 5. Wild-type controls are loaded every five lanes. (b) C-T
transversion in exon 8 in an primary tumor (T) and its lymph node metastase (L). (c) A-G transition in exon 6. (d) 2 bp insertion in exon 8.
in the kit contains Basic Fuchsin, which is compatible with
common detection channels of automatic DNA-sequencing
machines. Before loading on a gel, samples are heated to
80◦C for 3 minutes and placed on ice immediately.
All mutations found in Bi-ddF should be confirmed by di-
rect genomic sequencing. We would recommend the above
mentioned kit for cycle sequencing. The amount of stop
buffer in one kit is sufficient for both Bi-ddF and sequenc-
ing reactions.
Electrophoresis
Gel matrix, electrophoresis parameters and addition of
glycerol or polyethylene glycol can influence the sensitivity
of Bi-ddF in nondenaturing gel electrophoresis. We tested
different gel matrices: MDE (FMC BioProducts, available
from Biozym, Hess. Oldendorf, Germany); Page-Plus (Am-
resco, Solon OH, USA, available from Biometra, Go¨ttingen,
Germany); HR-1000 40% Concentrate (Genomyx, Foster
City CA, USA); 5% acrylamide in the presence or absence
of 5% glycerol; and 12% acrylamide/2.5% bisacrylamide
with polyethylene glycol (Ref. 8). Gel concentrations and
gel thickness (0.25 or 0.4 mm) were varied and tested
in combination with the following buffers: 0.5×TBE (45
mM Tris, 45 mM boric acid, 1 mM Na2EDTA); 1×TBE;
and the low pH buffer TME (30 mM Tris, 35 mM 2-N-
Morpholinoethanesulfonic acid, 1 mM Na2EDTA; pH 6.8)
(Ref. 9).
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Gel electrophoresis was performed on an automatedDNA
sequencer LI-COR (MWG-Biotech, Ebersberg, Germany) at
room temperature without additional cooling. Best results
regarding separation of fragments, detection of shifted
bands and avoiding smearing and broadening of bands
were obtained in our experiments under the following con-
ditions:
Gel: 0.75×MDE in 50 mM TBE, 2% urea, 0.25 M ammo-
nium persulfate, 0.1% TEMED; gels 0.25 mm thick. We
recommend use of square-well combs instead of shark-
tooth combs, and found no improvement in Bi-ddF
sensitivity by adding glycerol or polyethylene glycol.
Buffer system: 0.5×TBE.
Electrophoresis conditions: 12W at room temperature. Gels
are heated up to 37◦C during the run without effects
on the sensitivity.
In a blinded analysis all ten mutations in TP53 exons
5–9 detected previously by direct sequencing were found
by Bi-ddF with this protocol.
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Products Used
Microcon-100 columns: Microcon-100 columns
from Amicon Inc
Primers: Primers fromOswel Research Products Ltd
Primers: Primers fromOswel Research Products Ltd
Taq DNA polymerase: Taq DNA polymerase from
PE Applied Biosystems
Taq DNA polymerase: Taq DNA polymerase from
Life Technologies (Gibco BRL)
Taq DNA polymerase: Taq DNA polymerase from
Life Technologies (Gibco BRL)
Taq DNA polymerase: Taq DNA polymerase from
Promega Corporation
Taq polymerase: Taq polymerase from Boehringer
Mannheim
Taq polymerase: Taq polymerase from Pharmacia
Taq polymerase: Taq polymerase from Bioline
Taq polymerase: Taq polymerase from Advanced
Biotechnologies
Taq polymerase: Taq polymerase from Boehringer
Mannheim
Taq polymerase: Taq polymerase from Bioline
Sequi Therm Excel DNA Sequencing Kit: Se-
qui Therm Excel DNA Sequencing Kit from Epicentre
Technologies
MDE: MDE from FMC BioProducts
Page-Plus: Page-Plus from Amresco Inc
HR-1000 40% Concentrate: HR-1000 40% Con-
centrate from Genomyx Corporation
automatic sequencer (Li-Cor): automatic se-
quencer (Li-Cor) from MWG Biotech
DNA sequencer LI-COR: DNA sequencer LI-COR
from MWG Biotech
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